_Sh_

B

S0

\\‘ L!i

: \\\§\

'
|

\\\\\ 3 - P +50

- NN R deewe
N

b

N

20 \

FO(dB(uV/m))

ANLAN
/I
/

0 560 1000 1500 2000 2500 3000

d (km)

Fig. 35a - F. for constant ¢, and for GS and LP both zero

¢}

83



40

FO(dB(uV/m) )

30

20

10

_55_

A

$:z0--30 ‘
b=-40 |

N
N
N

N Q}\\;\
\\\\\ ; T | -
N T
i
|
i
|
500 1000 1500 2000 2500 3000
d (km)

84

Fig. 35b - EO for constant &, and for GS and LP both zero



FO(dB(uV/m))

_56_.

30

Fig. 36 - _lj‘o for average values of k, and for GS and LP both zero

85



T15

/] 535 kHz

_57...

/)

of r for typical frequencies

I
LAV

%

i

\42
':"tﬁ i t [ |

13k
/)

lhlA“
I

- Values

j

|
|
!

0 1000 2000 3000 4000 5000 6000 7000
km

[T NTRNNTe WNTONRTAN

37

M~ NN~
55555

™

Y e

0

5

fa 0

@

=
0
60
50
40
30
20
10
0

Fig.

86



_58_

- /“ 535 kHz
( f
|
120 l] — s
% - 1‘\‘ [
SR !I l\ ]I'll
qi 80 b 1’ | ,’ 'V.’-‘ 722
RN,
60 N 'I ‘l‘\ l,'ll /_ e

} r'r, |“ ,I’/ ‘\‘ I / }o s
40 Il’l ‘ I/I \‘b ///
" gz,” il y.//cf\:\;“' /
20 .. : : Jl,// \l-
kY,

10

0 1000 2000 3000 4000 5000 6000 7000

d (km)

Fig. 38 - Values of r, for typical frequencies

535 kHz
—_———— 715

''''''' 955
—_—— 1255
et .. 1615

87



_59_

d
c- I+ _06 + 9¢) 0QT =
muhm 2% + 9¢) 08 i

TBUTWIS] 9TJUTS B J0J mq ssoT JurTdnoo uotqeztaeTod ssaoxy - 6€ *BTd

o8 ‘M-d OT3oudBW 07 9ATBTSI uorqededoad Jo uoT3o8IIq

08 oL 09 0S oy 0¢

|
(ep) 91|11 ] £ v

\ NN .
// N ///1 1;::ﬂ.|||
= \ N —~__|
% // /// S~
N ~L [ [

I ‘dTp oT33uUTey

88



- 60 -

’0300' W 160° 140° 120° 100° 80° 60° 40° 20° 0° 20° 40° 60° 80° 100° 120° 140° 160° E  180°
‘ i fT- T f ‘ 90
f w
80° F— - > 2 - 80°
— 2, K,
| i = 4
R,
T G
0 S~ = ‘ s - < 70°
NG -
| i R, ¢ : -~
60' & R e S - o= e 71 60°
| i g .
W P e . S Y i d5ge
* \\\ v : ’
; =
P e S N =N L oI, P
~_
\\ (. SR G P~ 0N N . S, oA SR NPT ~1 300
30 - I } : \ 30
i . .
20 \xL\'\ ! i R S — . 20°
\}\‘\‘ L=
100 T e R —— 10°
— '
N T \L\\ : N
— i i
o S <% 4
S \r\\\-\._ L . S
0 ] LT 10°
— )
20° 4 20°
30° 30°
~—
40° 40°
s0of— 50°
—~
60 60°
—
70° -110°
80°f—== -1 80°
90° '
180° W 160° 140° 120° 100° 80° 100° 120° 140° 160° E 180°

FIGURE 40 - Map of magnetic dip (epoch 1975.0)
(Source: Magnetic inclination or dip (epoch 1975.0) Chart No. 30 World U.S. Defense Mapping Agency Hydrographic Center)

39



- 61 -

180° W 160° 140° 120°

-, 20° w e LA U I
Looe i Lo | ‘ : J T
80° ; '. {< = 80
} 60° W°E; NN
! ‘ 25°
70° AR e ‘ BT ) \\ 0
T\ — N N e A
607 TAL Rl R SRl & i (I R e C 60
i i i i | 90°F 1 : 1 / }
soef LT3/ ‘ j A W e s Y A I R WA N | 4 s0°
i O“EI ] y 1 1 1 I 1 ! “I
| ' g 1 SE ' Lsw A
40° N\ — S F- -\~ o ¥ G o __:__+__Ji___;_~ ‘»___\r L - i/ 40°
15°€! el - 3 ~T L E e | i <A / // [,
30°) j— S+ . B i o I 30°
10°E WEATR\R -y . A i e
) it N\ | ! Forob a. )
Pt AN\ ‘ ; ' 1 | |
20°f b . . S Sy iy 4 -1- € 20°
| 10°! X ‘ ; x\’ -\L// /
10°—-- VT i‘s 10°
N i 1/ N
ok %gs‘f/ w/ "
i .
s ; p s
. \.1“;5\’ | \c‘.&, - .
T \ )
20° i i d 200
S°E
30° ‘ ‘ \\\ ¢ 3°
oo
20°E] N ]
40°] - ] x \ /fv: 4
5
50— ——ggepr——— —30°E| 50°
S R —
€| — ]
60° — 40°F. — §0°
S0l |
70 T T10°E T !
[T R e s SR i
90!

180° W 160° 140° 120° 100° 80° 20° 40° 60° 80

FIGURE 41 - Map of magnetic declination (epoch 1975.0)
(Source: Magnetic variation (epoch 1975.0) Chart No. 42, World U.S. Defense Mapping Agency Hydrographic Center)

90



90

60

30

_62_

==

18
16
14
12

10

33

k=0.67|9]|+0.2+3 tan®(#+3°)

-59%9<59°

91

o (degrees)

30

Fig.U2 - Basic loss factor k

\

60




_.63_

Longitude

°
%8 S
-1 =
e e
w w
o S
e e
o
o
g g
o %
8 g
o o
g e
e e
o o
o
S 8
N o
° !
i -3
z N le 3
2 4 {
| ] 8
o f ' |
N = =3
S i : -
| '
- o
o m O°
& i---18
o
Qo o
o o
° 1e
< &
o e
< <
© o
3 2
o
[
o
F 8
o e
°
e 2
o 00
°
& &
o o
=3 =3
s E
o o
2
2 g
w o
% \\ \ \ \ A “ ]
-0 o Q o Q Q Qo o o o, o
=3 =3 =3 =3 =3 =3
S Zo w2 4 a < a H R H -

spnine]

FIGURE 43- Geomagnetic latitudes

92



— gy -

Field strength reduction (dB)

20
30
40
0 2 4 6 8 -2 0
Time after sunset Time before
(hours) sunrise (hours)

Fig.Uh - Field strength variation during the night

93



Sunrise

_.65_

Sunset

50°540° 20° 0° 20° 40° 50° GO°N

60°N  50° 40° 20° 0° 20° 40° 50°S

\

N

NOENZETINNN D,
N TN
EEZ4I\ IZINNSES

47NN /AN
e L LTLULY,, LILLINAT,
AN ) /

) o
g N g

]
/)

Nt

N/

/
/
4{0
N\
=
N

1/

.

!

W,
[

\

N

N/
&
[
\
N\

AN

o 2 o » > [N (N 2 > 2 il <

T\

\

\

MIEE

L1

50°S 40°  20° 0° 20° 40° 50° 60°N

60°N  50° 40° 20° 0° 20° 40° 50°S

02 03 04 05 06 07 08 09

Local time

at reflection point (hours)

/

FIGURE 45 - Times of sunrise and sunset for various months and geographical latitudes

94

15 16 17 18 19 20 21 22



Form 0T-29 U.S. DEPARTMENT OF COMMERCE
(3-73) OFFICE OF TELECOMMUNICATIONS

BIBLIOGRAPHIC DATA SHEET

1. PUBLICATION OR REPORT NOJ 2. Gov't Accession No. 3. Recipient's Accession No.
NTIA Report 80-42

4. TITLE AND SUBTITLE 5. Publication Date
COMPARISON OF AVAILABLE METHODS FOR PREDICTING June 1980
MEDIUM FREQUENCY SKY—NAVE FIELD STRENGTHS 6. Performing Organization Code

7. AUTHOR(S) 9. Project/Task/Work Unit No.

Margo PoKempner

8. PERFORMING ORGANIZATION NAME AND ADDRESS
U.S. Department of Commerce

National Telecommunications & Information Admin.
Institute for Telecommunication Sciences
Boulder, CO 80303

10. Contract/Grant No.

11. Sponsoring Organization Name and Address 12. Type of Report and Period Covered
U.S. Department of Commerce

National Telecommunications & Information Admin.

Washington, D.C. 20005 13,

14. SUPPLEMENTARY NOTES

15. A.}BSTRACT (A 200-word or less factual summary of most significant information. If document includes a significant
bibliography ot literature survey, mention it here.)

The chronological development of the available methods for predicting medium
frequency sky-wave field strengths is presented with a brief discussion of each
method. Measured field strengths for 36 medium frequency sky-wave paths are
compared with the predicted field strengths from several different prediction
methods. Based on the rms errors between observations and predictions, the 1938
Cairo Curves provide the best estimates of the sky-wave field strengths for very
Tong paths worldwide. A new prediction method developed for use in North and
South America only, provides improved estimates of the sky-wave field strengths
for paths <3500 km.

16. Key Words (Alphabetical order, separated by semicolons)

Cairo Curves; FCC Curves; medium frequency; radio propagation predictions;

skywaves
17. AVAILABILITY STATEMENT 18. Security Class (This report) 20. Number of pages
[X] UNLIMITED. UNCLASSIFIED 100
19. Security Class (This page) 21. Price:
] FOR OFFICIAL DISTRIBUTION. UNCLASSIFIED

GPO 1980—678-971/424 LUSCOMM-DC 23716-P73
-DC zZ3716-




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




